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INTRODUCTION 
In spite of much substantial investigation through the 
years, the factors responsible for tooth eruption are still 
unknown. Theories ·very much in favor a number of years ago, 
have been seriously questioned today in light of new experi-
mental research. The continuously erupting incisor of the 
rat has been the subject of many investigations in this search 
for the mechanism of tooth eruption. The present study will 
also utilize the rat incisor in an effort to contribute addi-
tional, specific information toward a solution to this problem. 
The purpose of this study is to investigate the effects 
of certain antimitotic substances on the rate of eruption of 
the rat maxillary incisor prior to and following administra-
tion of cortisone. With this study we hope to provide further 
evidence that cortisone increases the rate of cell prolifera-
tion in the tissues of the incisor; thereby causing a stimula-
tion in the rate of eruption. 
For a number of years, cortisone has been known to stim-' 
ulate the rate of eruption in the rat incisor (Goldsmith and 
, 
Ross, 1956; Parmer, Katonah, and Angrist, 1951; Donun and 
1 
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Marzano, 1954). However, still to be determined is the me-
chanism by which cortisone causes this growth of the rat 
incisor. 
2 
Not until the middle sixties have studies been reported 
concerning the effect of antimitotic drugs on tooth eruption 
(Main and Adams, 1965; Berkovitz, 1972). One limited study 
concerning the effect of an antimitotic drug upon tooth erup-
tion prior to and following the administration of cortisone 
has been reported (Kiely, 1967). To our knowledge, no inves-
tigations on t9oth eruption have involved the antimitotic 
drug 5 - f luorouracil or have been extended over the length 
of time designed for the present experiment. 
With this in mintl, we will utilize the antimitotic 
drugs, colchicine and 5 - fluorouracil, administered over a 
64 day period, prior to and following the administration of 
cortisone. With this study, we hope to inhibit the stimula-
tory action of cortisone on cell division in the incisor and 
thereby minimize the effect of this steroid on eruption. 
"---------------------------------·-------~-! 
REVIEW OF THE LITERATURE 
A. Mechanisms of Tooth Eruption 
Numerous theories have been advanced during the last 
century regarding the mechanism of tooth eruption. In 1835, 
Thomas Bell, who felt that eruption of teeth was due to root 
elongation wrote, "As ossification proceeds, the roots of the 
teeth continue to elongate until first those of the incisors, 
and subsequently the others, can no longer be contained within 
the alveoli." Constant (1900) raised serious doubts concern-
ing root elongation as an eruptive force. On the basis of 
anatomical studies of the jaws of a lamb, a pig, and a nine 
month human fetus, he theorized that blood pressure, i.e., 
periapical vascularity, most probably provided the eruptive 
force. In a morphological study involving normally erupting 
rat incisors, Addison and Appleton (1915) arrived at the con-
clusion that eruption was the result of cellular proliferation 
and growth of the apical tissues. 
Until recently these were the two basic schools of 
thought concerning tooth eruption; one favoring cellular pro-
liferation at the basal end of the tooth as the cause of 
3 
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eruption, while the other favors the tissue vascularity theory. 
Most recently the periodontal ligament has been implicated as 
a force in tooth eruption. 
Sicher {1942 a, b), on the basis of morphological 
studies in human teeth and the rat incisor, thought that tooth 
eruption was the result of differential rates of cell prolif-
eration in the apical tissue of the tooth; primarily, active 
proliferation of the pulpal cells. A "hammock ligament" was 
described by Sicher which separated the perapical tissue from 
pulpal tissue. This ligament was seen to traverse the base of 
the growing roots and was anchored into both sides of the al-
veolar bone. It was postulated that this ligament transmitted 
the pressure from pulpal proliferation in a coronal direction 
causing eruption and at the same time prevented resorption of 
the apical bone. Realizing that some teeth, such as the human 
canine, travel a distance greater than can be accounted for 
by the developing root length, Sicher concluded that apposi-
I 
! 
I 
I 
There- 1· 
fore, in human teeth, bone growth in addition to pulpal pro-
tion of fundic {basal) bone causes additional eruption. 
liferation was considered to provide the force of eruption. 
Sicher failed to demonstrate a hammock ligament or fundic bone 
apposition in multirooted teeth. He felt that bone growth at 
the furcation was responsible for the eruptive force in these 
teeth. 
Scott (1953), on the basis of gross dissections of I 
---,~~ ~-... Fil --q·- ~~1 
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fetal, newborn, and young sheep, concluded that active tooth 
eruption is the result of pulpal proliferation between the 
calcified part of the tooth and the base of the follicle. He 
emphasized the role of the dental follicle and gubernacular 
cord during eruption as a guidance mechanism. Scott states 
that during active eruption the fibers of the dental follicle 
organize into the periodontal ligament proper, and into the 
hammock ligament as· described by Sicher. 
Sturman (1957) after studying the effects of vasodi-
lator and vasoconstrictor drugs on the eruption rates in rats, 
arrived at this conclusion: "Eruption of the continuously 
growing rat incisor is locally controlled by vascularity and 
attrition, while the eruptive force is probably derived from 
the activity of proliferating odontogenic epithelium and pul-
pal cells." He also noted an increased eruption rate attrib-
uted to weekly ether anesthesia and daily handling, which he 
called an "excitability factor." 
On the basis of a histological study with molar teeth 
of rats, O'Brien, Bhaskar and Brodie (1958) felt that eruption 
is not the result of root elongation, bone apposition, dentin 
or enamel formation. Instead, they theorized that eruption is 
most probably the result of growth of the follicle at the base. 
Kiely (1967) investigated the effect of cortisone on 
the rate of eruption, DNA synthesis and mitotic activity in 
the rat incisor. He found an increase in the rate of DNA 
I 
I 
! 
l 
l 
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synthesis of adrenalectomized rats and an increase in the 
mitotic rate of normal rats in the cells of the cervical loop 
after injections of cortisone. From these observations, Kiely 
concluded that cellular proliferation of these tissues must 
be considered in any discussion concerning the mechanism of 
tooth eruption. 
In a comprehensive review of the then current theories 
on tooth eruption (-1941), Massler and Schour considered seven 
possible explanations for the eruption of teeth: (1) Growth 
of the root; (2) Growth of dentin and pulpal construction; 
(3) Growth of periodontal tissue and alveolar bone; (4) Pres-
sure from muscular action on the alveolar process; (5) Resorp-
tion of alveolar bone; (6) Pressure from cellular prolifera-
tion; and (7) Pressure from vascular beds. After considerable 
clinical data from .the literature and from other clinicians 
was obtained, along with their experimental studies of the rat 
incisor, the following conclusions were made: 1. No conclu-
sive proof could be obtained favoring any theory of eruption; 
2. Whatever the ultimate sourc~ of the eruptive force, it is 
probably located in the periapical region of the tooth; 3. The i 
I eruptive force may be related to the vascularity of the tissue which surrounds the tooth; i.e., in the periodontal tissue, 
but·not of the pulp. 1 
Herzberg and Schour (1941) removed the pulp from the 
lower left incisor of 12 albino rats with the right lower I 
-------------------------,------------·-·.J.-:..y,:j 
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incisor serving as a control. No change in the eruption rate 
was observed after pulpectomy. After surgically removing 
Hertwig's root sheath in the lower left incisor of 12 other 
rats, again no differences in eruption rates were noted. From 
these results Herzberg and Schour concluded that the pulp and 
Hertwig's root sheath (odontogenic epithelium) are not essen-
tial to tooth eruption. Bryer (1957) observed an initial 
marked reduction in eruption rates followed by a gradual re-
covery when he repeated Herzberg and Schour's experiments. 
Taylor and Butcher (1951) interrupted the sympathetic 
innervation to the rat incisor and ligated major arteries 
supplying blood to this tooth. From their observations, they 
concluded that the rate of eruption of the incisor is not sen-
sitive to even fairly noticeable changes in blood flow. 
After repeating Taylor and Butcher's experiment on sym-
pathectomy, Bryer (1957) found that this procedure caused an 
increase in blood flow as well as in eruption due to the re-
moval of vasoconstrictor tone. He concluded that eruption was 
directly proportional to the va~cularity of the periodontal and 
pulpal tiss~es. He stated that eruption is the result of tis-
sue tension within the periodontal and pulpal tissues which is 
dependent upon blood pressure. 
Ness (1964) in a critical review of the literature on 
tooth eruption, also concluded that the force exerted by blood 
pressure is primarily responsible for tooth eruption. However, 
·----------------~- -- ............ M-1.~ 
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in a later review, Ness (1970) revised his opinion and stated 
that his favorite hypothesis was now that fibroblasts located 
in the periodontal tissue exert tension along their length, 
thus providing the force for movement of the rodent incisor. 
Eccles (1965) studied the effect of root filling of 
the rat incisor on tooth eruption. Filling the canal more 
that 4 mm. from the basal end resulted in a temporary decrease 
in eruption rate which eventually returned to normal. However, 
eruption was prevented entirely in animals in which the pulp 
canal was filled to within 1 - 2 mm. of the basal end. Histo-
logical examination of the periodontal membrane revealed a 
normal appearance. From these observations, Eccles concluded 
that the periodontal membrane plays no part in eruption, but 
that the pulp is principally involved in this process. 
Ulmansky and Shapiro (1963) amputated the lower right 
incisor.of thirty-nine rats and observed an increase in the 
rate of eruption. These animals were divided into three groups. 
Group one received no further trauma; group two had pulp damage 
produced by the insertion of a metal reamer into the pulp cav-
ity; and group three received permanent irritation by the in-
sertion of a silver point into the pulp cavity. Ulmansky and 
Shapiro noted that the more extensive the damage done to the 
pulp, the greater the reduction in the eruption rate. A com-
plete inhibition of eruption was more often observed in the 
third group. 
9 
Main and Adams (1966) examined the effects of anti-mi-
totic and hypotensive drugs on the eruption rate of the rat 
incisor. From their experiments, they concluded that there 
was no direct relationship between the rate of eruption and 
blood pressure or cellular proliferation. As an alternative 
theory, Main and Adams postulated that the mechanism of tooth 
eruption most likely lies in the periodontal membrane. 
Gowgiel (1967) using irradiation to prevent root for-
mation in 10 day old male, albino rats, observed that the 
crowns continued to erupt. As a result. of lack of root for-
mation, he eliminated the periodontal ligament proper and 
pulpal proliferation from consideration in tooth eruption. 
He observed changes in cell and fiber size, number, and ori-
entation in the follicular sac which he correlated with erup-
tion. From these observations he concluded that tooth erup-
tion is the result of follicular sac growth. 
Thomas (1964 and 1967) suggested that tractional forces 
in the periodontal ligament due to molecular cross-linkage and 
fiber aggregation during collagen maturation must be con-
sidered as a force in tooth eruption. He felt that intermo-
lecular and intramolecular cross-linkages produce tension in 
the oblique fibers of the periodontal ligament thus pulling 
the tooth coronally. 
Berkovitz and Thomas (1969) removed the proliferative 
odontogenic base of the lower rat incisor. They observed the 
I 
I 
I. 
I 
I 
' 
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eruption rate of these root-resected teeth to obtain control 
levels in 4 - 7 days after the operation and remain at this 
level for approximately 12 days after which time exfoliation 
occurred or eruption ceased. From this experiment they con-
cluded that the following mechanisms do not appear to be essen-
tial to eruption: (1) root elongation; (2) pulpal prolifera-
tion and dentine formation; (3) fundic bone deposition; (4) 
tissue fluid pressu.re. Thomas and Berkovitz, however, sug-
gested that the force of eruption is located in the periodon-
tal ligament. 
Berkovitz (1972) studied the effects of anti-mitotic 
drugs upon the eruption rates of normal and root-resected 
lower rat incisors. A similar fall in eruption rates was 
observed in both the normal and the root-resected incisors 
of treated rats. From these experiments, Berkovitz concluded 
that the eruptive mechanism following root resection was "phy-
siological" and that growth of the periodontal ligament is 
most likely the important component in the eruptive process. 
B. Cortisone and the ~ of Eruption 
According to Goodman and Gilman (1970) the physiologi-
cal functions and pharmacological action of the corticosteroids 
are numerous. They are involved in carbohydrate, protein, fat, 
and purine metabolism; water and electrolyte balance; and the 
functional capacities of the kidney, skeletal muscle, cardio-
vascular system and the nervous system. The corticosteroids 
____ ....., ______________ ,__ ,.. ______________ ,__ _... __ ~:r ... ~..-, 
also provide the ability for cells to resist many forms of 
noxious stimuli and environmental changes. 
11 
Many studies have been reported concerning the effect 
of cortisone on cell division. Dustin (1963), after compre-
hensively reviewing the literature, reported that cortisone 
has been shown to inhibit cell division in some tissues; where-
as in others, it has either had no effect or even acted in a 
stimulatory capacity. He also mentioned that this hormone has 
been demonstrated to be antagonistic to certain spindle poi-
sons. Domn and Kiely (1968) concluded that cortisone admin-
istration results in an increase in mitotic activity in the 
rat incisor. Kiely (1967) noted that the dosage, frequency, 
and duration of administration are important factors in the 
response of tissues_ to cortisone. Kiely and Domm (1973) also 
showed an increase .in the number of 3H - thymidine labeled 
cells in the cervical loop tissue of adrenalectomized rats 
following the administration of cortisone. 
For a number of years cortisone has been known to stim-
ulate the rate of eruption in the rat incisor. Following the 
administration of cortisone to pregnant rats, Goldsmith and 
Ross (1956) observed precocious development and eruption of 
the lower incisor in fetal rats. They also reported that the 
incisors of cortisone treated neo-natal rats erupted earlier 
than controls. Parmer, Katonah, and Angrist (1951) noted 
that cortisone stimulated incisor eruption in newborn rats 
while inhibiting body growth. In a study on adult male and 
female rats, Dornrn and Marzano (1954) reported that the ad-
ministration of cortisone accelerated the eruption rate of 
both maxillary and mandibular incisors. In a group of hy-
pophysectomized rats, they noted a profound decrease in 
eruption. However, an increase in rate was observed when 
12 
these animals were administered cortisone. Garren and Greep 
(1960) also noted a reduced incisor eruption rate in hypo-
physectomized rats. Like the results of Dornrn and Marzano, 
cortisone wa~ also found to restore the eruption rate to 
normal. Garren and Greep (1960) made the observation that 
cortisone administered to normal adult male rate resulted 
in an acceleration of the eruption rate of ~he incisor. 
Following adrenalectomy, Dornrn and Wellband (1960) 
observed a decrease in the rate of eruption of the rat in-
cisor. However, with the administration of cortisone the 
rate was increased above that of normal. After thyroidec-
tomy and thyroadrenalectomy a reduction in the rate of erup-
tion was also noticed. Again cortisone therapy increased 
the eruption rate of these animals. It is an accepted fact 
that incisors reduced out of occlusion erupt at an accel-
erated rate. [Hoffman (1939), Taylor and Butcher (1951), 
Ness (1956), Bryer (1957), Ulmansky and Shapiro (1963), and 
Wellband and Dornrn (1964).] With the administration of cor-
tisone, Wellband and Dornrn (1964) observed a further increase 
t ill...,...,,~"- ... ,,_-~..,,..,..~.~ ....... ,....,.,"~~..,...... .. .,.,,,.~ .. ~~~·"....-~ t~.~"if•r ... w . ...-.._.-.u-M.__.~-~-~~~-~·; 
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in the eruption rate of the amputated incisor. 
c. Antimitotic Drugs and the ~of Eruption 
According to Harbers, Domagk, and Muller (1968), 5 -
fluorouracil is biologically a uracil analog. Its main ef-
fect is to block the methylation in thymine biosynthesis 
leading to severe inhibition of DNA replication. RNA forma-
tion, on the other hand, is only slightly diminished. 5 -
fluorouracil has been described by Eridani, Tiso, Ponti, and 
Valentini (1967) as a pyrimidine analog which acts to inhibit 
the synthesis of DNA by preventing the formation of thymidylic 
acid. 5 - fluorouracil's principle site of action, according 
to Goodman and Gilman (1970), is to inhibit the enzyme thy-
midylate synthetase resulting in a reduced formation of thy-
midylate. 5 - fluorouracil exerts its major effect on the 
bone marrow, epithelium of the gastrointestinal tract and 
the oral mucosa. After an extensive review of the literature, 
we were unable to find any study dealing with the effect of 
the antimitotic 5 fluorouracil on eruption. 
According to Goodman and Gilman (1970) the effect of 
colchicine on cell division is a direct one; that is, mitosis 
is arrested in metaphase due to a failure in the formation of 
spi~dle protein. Abnormal and bizarre nuclear configurations 
follow this inhibition and cell death often occurs. Cells 
with the highest rates of division are affected earliest. 
L.-~u~-~,~~~9~~~~tat~that co~~h~~ine···~~~-.~~scri~-~~-~~-~·- . 
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spindle poison of great potency; solutions of 10- 7 gm/ml are 
still capable of inactivating the spindle in tissue culture, 
while larger dosages, acting on isolated cells, seldom modify 
other events of mitosis. Hooper (1961) concluded from her 
studies on mitotic rates that colchicine causes metaphase 
arrest of all cells undergoing mitosis. She found that the 
mitotic rate is not stimulated nor inhibited with the use of 
this drug. Colchicine has been used routinely in studies 
dealing with cell population as a tool to facilitate the 
counting of mitotic cells. 
There have been few studies dealing with the effect of 
antimitotic substances on eruption rates. Main and Adams 
(1966) studied the effect of daily injections of demecolcine 
(1 mg/kg; a less potent derivative of colchicine) and tri-
ethylene melamine (T.E.M.; 0.15 to 0.6 mg/kg) on the ampu-
tated rat incisor. It was observed that pulpal cell density 
was greater in the amputated incisor and 3H - thymidine la-
beled nuclei were more widely distributed across the base of 
the pulp in these teeth. Demeco.lcine caused the proliferat-
ing pulp cells to remain in metaphase longer than usual; how-
ever, no reduction in eruption rate was noted. T.E.M., on 
the other hand, appeared to completely present mitosis in the 
dental pulp and eruption was markedly inhibited. Kiely (1967) 
found that daily administration of colchicine (0.25 mg/kg) re-
sulted in a consistent decrease in the weekly eruption rate of 
J 
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the rat incisor. Higher dosages (0.5 or 1 mg/kg) resulted 
in death. Following the administration of cortisone (5 mg/kg) 
to these rats, an increase in the eruption rate was noted. 
Kiely thought that this indicated that the low dosage of col-
chicine given was not sufficient to inhibit the stimulatory 
effect of cortisone on mitotic activity. 
Berkovitz (1972) studied the effect of demecolcine on 
the normal and root resected rat incisor using twice the do-
sage employed by Main and Adams (1966). They noted a signi-
ficant decrease in eruption rate at the initial dosage of 
2 mg/kg, followed by a second injection of the same dose, 4 
hours later. Because of a poor survival rate by the fourth 
day of these twice/day injections, only the eruption rate 
data from the first three days was considered. One might 
need to interpret with caution data obtained from animals 
given an apparent lethal dosage of the drug. 
MATERIALS AND METHODS 
Sixty, female albino rats 1 of the Sprague-Dawley strain 
were used in this investigation. They were ninety days old 
at the start of the experiment, were housed in an animal room, 
four to a cage and maintained on a standard diet of Purina Rat 
Chow and unrestricted amounts of tap water. The animals were 
acclimated to this environment for a two week period prior to 
the start of the experiment. During this acclimation period, 
eruption rates were recorded to determine if any variation in 
rates existed between the groups. 
For the first 32 day period, the animals were randomly 
divided into three groups of 20 rats each. The animals of 
group one served as controls. The animals of group two re-
ceived a single subcutaneous injection of 5 - fluorouracil 2 
(15 mg/kg) at eight day intervals. ·The animals of group three 
received a single subcutaneous injection of colchicine2 (0.75 
mg/kg) also at eight day intervals. At each injection period, 
1Purchased from Hormone Assay Laboratories, Inc.,, Chicago, Ill. 
2Purchased from Sigma Chemical Company, St. Louis, Mo. 
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the control animals were handled in the same way as the ex-
perimental group but they received no injections. 
During the next 32 day period, one half the animals of 
each group were given daily subcutaneous injections of corti-
sone3 (5 mg/kg). The remaining one half of each group re-
ceived daily subcutaneous injections of sterile isotonic so-
dium chloride solution4 • The injections of the anti-mitotic 
drugs were continued during this second 32 day period accord-
ing to the schedule described above. 
Eruption rates of both maxillary incisors of all ani-
mals were recorded every four days, during the total 64 day 
period using a method similar to that first introduced by 
MacGillary in 1875 (Main and Adams, 1965). Recently, this 
method has also been employed by Dornm and Wellband (1960), 
Kiely (1967), and de Lorimier (1972). A jeweler's file was 
used to notch the labial enamel surf ace at a point slightly 
superior to the interdental papilla (Figure A). The distance 
between the incisal edge and this notch was measured and re-
corded. Four days later the distance from the notch to the 
incisal edge was measured again. The eruption rate was de-
termined by taking the difference between the two measurements, 
3
supplied by Merck & Co., Inc., West Point, Pa. 
4 Purchased from Loyola University Hospital Pharmacy, 
Maywood,.Ill. 
I 
Day 0 Day 4 
Eruption rate = x1 - x2 
Figure A 
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A new notch was made every four days and the distance 
to the incisal edge was again measured and recorded. A metal 
divider was employed to measure this distance. The divider 
was then placed on a metal ruler graduated in 0.5 millimeter 
increments, which allowed measurements to the nearest l/8th 
of a millimeter. According to de Lorimier (1972), the error 
of measurement using this method is less than 0.1%. 
It was not necessary to anesthesize the animals during 
the measuring process since each animal was immobilized on its 
back within a specially designed canvas zipper bag. The ani-
mal's maxillary incisors (Figure 5) were inserted under and 
held with a U-shaped metal bracket attached to a wooden board 
while the measurements were taken. Weights of the animals 
were recorded every eight days in order to monitor any gain 
or loss during the entire time of the experiment. All in-
jections were administered into the subcutaneous tissue of 
•' 
19 
the inguinal area utilizing a 25 gauge needle. Due to the 
physical volume (approx. 1.5 cc) of the 5 - fluorouracil in-
jection, the dosage was divided equally between each side of 
the animal. 
At the conclusion of the experiment, representative ani-
mals within each group were sacrificed by decapitation preceded I 
by ether anesthesia. The skulls were split mid-sagitally and 
! both upper incisors were immediately recovered and fixed in a 
10% buffered formalin solution. Several representative mandib-
ular incisors were also recovered for histological examination. 
After fixation, the incisors were decalcified in a sodium ci-
trate formic acid solution followed by a continuous tap water 
wash for 24 hours. The incisors were then dehydrated, im-
bedded in paraffin, sectioned sagitally at 5 microns and 
stained.with hematoxylin and eosin. 
The dosages of colchicine and 5 - f luorouracil utilized 
during the experiment were previously determined with a 5 week 
pilot study. Dosages of colchicine: 1 mg/kg once/week; 1 
mg/kg twice/week; 0.5 mg/kg once/week; 0.5 mg/kg twice/week; 
and, 0.75 mg/kg once/week, were studied. 15 mg/kg once/week 
and 10 mg/kg twice/week of 5 - fluorouracil were studied. 
-------------------· ·-----~--------------.....--~-;,.,., 
RESULTS 
A. Determination of Dosage 
1. 5 - Fluorouracil 
The dosages of 5 ~ fluorouracil utilized for the pilot 
study were determined from the paper by Urano et. al. (1970) 
who studied mouse survival times after single injections of 
various dosages of 5 - fluorouracil. Our goal was to main-
tain the animals for a 64-day period on regular, sublethal 
dosages of 5 - fluorouracil. After reviewing the current 
literature, it was decided to test dosages of 15 mg/kg once 
every 8 days, and 10 mg/kg once every 4 days. Of those re-
ceiving 10 mg/kg, one died after 8 days, one died after 12 
days, and all were dead by the 16th day. The animals re-
ceiving 15 mg/kg appeared healthy after 28 days, but showed 
reduced eruption rates. Therefore, this dosage was accepted 
for use in the experiment proper. 
2. Colchicine 
Colchicine dosages of 1 mg/kg have been routinely used 
as an investigative tool to observe mitotic arrest (Hooper, 
1961; Leblond, 1948). Based upon the experiment of Main and 
20 
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Adams (1966) who employed a dosage of 1 mg/kg daily of de-
mecolcine (a less potent anti-mitotic drug than colchicine), 
it was decided to test the effect of 1 mg/kg once every 4 days 
and also once every 8 days. All animals died within 4 days of 
the first injection. Subsequently, it was decided to attempt 
dosages of 0.5 mg/kg once every 4 days and once every 8 days; 
and, 0.75 mg/kg once every 8 days. All animals survived a 
28-day period, therefore, the 0.75 mg/kg dosage was employed 
for the main experiment. 
B. Body Weights 
Figure 1 summarizes the data. During the first 32 day 
phase of the experiment, both the colchicine treated and 5 -
fluorouracil treated rats gained weight. However, following 
the daily injections of cortisone to one-half of each of these 
groups and normal saline to the other half, for the next 32 
day period, only the colchicine saline group exhibited a net 
gain in weight. 
During the first 8 day period following cortisone in-
jection, both the colchicine and 5 - fluorouracil treated 
groups experienced a similar weight loss. While the cortisone 
treated 5 - f luorouracil animals continued to lose weight, the 
cortisone treated colchicine rats maintained a relatively con-
stant level. The saline treated 5 - fluorouracil rats exhib-
ited a slight overall loss as compared to the rapid loss of 
the cortisone treated 5 - fluorouracil rats. The saline 
~--·~-------·------~·-----···--·---·--~--H--#-JOU-----··-·--p~-~~ ...... ~~~"'-<"I!'~~, .... ·'. 
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treated control rats experienced a gradual increase in weight 
while the cortisone treated control rats exhibited a gradual 
weight loss during the second phase. 
c. Gross Observations 
1. 5 - Fluorouracil Treated Rats 
A slight hair loss was noted in the 5 - f luorouracil 
treated rats. The cortisone treated 5 - fluorouracil rats ex-
perienced an abnormal rate of breakage of the lower incisors. 
These incisors exhibited a narrowing of the crown in the gin-
gival one-third of the tooth (Figure 8). During the phase II 
treatment period, an infection or ulceration occurred on the 
palatal tissue immediately behind the maxillary incisors of 
many of the 5 - fluorouracil treated rats. At the conclusion 
of the experiment, the incisor bevel and length of the clini-
cal crowns appeared abnormal in several rats (Figures 6 and 7). 
Clinically the 5 - f luorouracil rats appeared to be in a better 
state of health than the cortisone treated 5 - fluorouracil 
treated rats. 
2. Colchicine Treated Rats 
The colchicine treated rats appeared clinically healthy 
throughout the 64 day experiment. Traverse striations sepa-
rated by approximately 2 mm appeared on the labial aspect of 
several of the lower incisors of the cortisone treated col-
chicine rats (Figure 9). The bevel and length of the incisors 
j appeared to be within normal limits. Some minor ulceration 
~ .... .....,, .. ,..,. . ,-~·~111."11't-•;:-.-,,_ % '&J-........,.._·-~~-'flilN-'lfV ....... _._.... .. ~~~~°*-
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of palatal tissue was also found in these animals but not to 
the extent seen in the 5 - fluorouracil rats. 
D. Eruption Rates 
1. Pretreatment Period 
The data is summarized in Table I and Figures 2 and 3. 
During this period, no statistical differences were found in 
eruption rates between the three groups of animals. 
2. Phase I Treatment 
The data is summarized in Tables II, IV, and V, and 
Figures 2 and 3. The incisors of control rats showed an 
average eruption rate of 1.58 mm+ 0.20 1 over the first 32-day 
period. The 5 - fluorouracil treated group exhibited a stead-
ily declining rate of eruption. This rate decreased markedly 
in the 4 day period following drug injection, and was seen to 
rebound somewhat during the subsequent 4 day period. The re-
bound, in every case except measurement period 6, remained be-
low the rates of controls. The average eruption rate for the 
total period of measurement was 1.35 mm~ 0.20; with each 4 
day period value statistically less (P<.001) than control val-
ues with the exception of rebound periods 6, 8, and 10 (see 
Table IV). 
The colchicine treated group showed eruption rates that 
were lower than control values in every period except the 8th. 
1
standard deviation 
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The overall rate of the colchicine treated group for the period 
of treatment was 1.43 mm+ 0.18. Individual rates for measure-
ment periods 5, 9, 11, 12 showed a statistically significant 
difference from controls (P<.001; see Table V). Even though, 
all individual measurement periods did not show statistically 
significant differences, a strong trend is readily apparent 
so that for the combined period of treatment a highly signi-
ficant difference was found (P<.001) between the colchicine 
treated rats as compared to the control animals. The rebound 
effect was not as apparent as was demonstrated in the 5 - flu-
orouracil treated rats although (other than rebound periods 
6, 8, and 10) only period 7 failed to reveal a significant 
difference. 
3. Phase II Treatment 
The data is summarized in Tables II, III, IV, and V, 
and Figures 2 and 3. The control rats revealed an average 
eruption rate of 1.50 mm+ 0.18 for the overall 32 day period. 
The saline treated 5 - f luorouracil group showed this rate to 
be 0.80 ~ 0.33 with the individual measurement periods (13 
through 20) each showing significantly less eruption (P<.001) 
than controls (Table IV). For the total treatment period, 
the cortisone treated 5 - fluorouracil group showed an average 
rate of 1.04 mm ~ 0.34. Again, these rates were significantly 
less (P<.05 or less) than control values for each of the indi-
, vidual pe~iods studied. 
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The average rates of the saline treated colchicine rats 
were 1.24 nun+ 0.21 for the total period with each individual 
value except the 14th and 18th showing significantly less 
eruption than controls (Table V). The cortisone treated col-
chicine group exhibited an eruption rate lower than the con-
trol values in every period except the 16th and 18th. The 
overall eruption rate of the cortisone treated colchicine 
group was 1.42 nun~ 0.28. Even though the values of the in-
dividual periods were not significantly different from those 
of controls, this value for the overall period of treatment 
was significantly less (P<.05). 
The cortisone treated controls showed an overall rate 
of 1.81 nun+ .20 which was significantly more than this rate 
of untreated controls (P<.001). Moreover, each of the indi-
vidual rates were also significantly greater except the first 
(Table III) • 
4. Combination of Phase I and Phase II 
The control rats revealed an average rate of 1.55 mm + 
0.20 for the entire experiment period. This rate for colchi-
cine treated rats was 1.37 mm ~ 0.21 which was significantly 
less than controls (P<.001). The 5 - fluorouracil treated 
rats showed an average 64 day rate of 1.17 mm+ 0.36. Again 
this rate proved to be significantly less (P<.001) than the 
corresponding control value (Tables IV and V). The eruption 
rates of animals with fractured lower incisors were excluded 
'I'=• n -.,-----------~~~::.-.-.,., _______ _, .. ,.,.,.-~'11--. ..-~•• .. -u~· . ..,...,...ft __ 
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from the data. 
E. Histological Observations 
Sixty-four teeth, both uppers and lowers, were selected 
for histological examination. The teeth chosen included 4 
controls, 4 cortisone treated controls, 14 5 - fluorouracil 
treated rats, 10 cortisone treated 5 - fluorouracil rats, 12 
colchicine treated rats and 20 cortisone treated colchicine 
rats. 
The representative teeth of the controls appeared his-
tologically similar to the normal rat incisor as described by 
Schour and Massler (1962). The ameloblasts maintained their 
columnar shape, gradually reducing to cuboidal as they ap-
preached the gingival crest. The pulp tissue generally ap-
peared very vascular. The predentin and dentin layers main-
tained an even, uniform expansion from the apex to the gin-
gival crest. The width of the labial dentin was greater than 
the lingual as described by Schour and Massler. The odonto-
genie epithelium or cervical loop exhibited a normal, bulbous 
morphological shape with excell~nt cellular detail (Figure 17). 
Histologically, no differences could be observed between the 
incisors of cortisone and non-cortisone treated controls. 
The 5-f luorouracil treated animals presented the most 
dramatic histological changes. The most obvious difference 
was the complete resorption of or lack of formation of the 
lingual dentin up to the alveolar crest (Figure 10). In most 
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areas, the fibers of the periodontal ligament were continuous 
with the pulp tissue. Islands of epithelium alone or sur-
rounding atypical dentin appeared within the pulp. Coronally, 
the pulp cavity appeared to be infiltrated with many polymor-
phonuclearcytes. The lingual alveolar bone showed resorption 
as evidenced by the presence of osteoclasts (Figure 11). The 
palatal gingiva in several specimens appeared to be necrotic. 
In isolated areas, bone sequestra were observed. The dentin 
on the labial surface appeared atypical, generally showing an 
interglobular texture. In certain areas, the odontoblasts 
were observed to be eroding into the dentin (Figure 13). The 
pulpal surf ace of the dentin generally appeared scalloped 
along the entire border. The papillary layer and ameloblasts 
of the enamel epithelium appeared irregular and atrophic in 
selected areas (Figure 18). The basal loop area showed the 
least dramatic changes. It appeared to be somewhat atrophied 
with fewer than normal mitotic figures present. Morphologi-
cally, it appeared atypically more flattened not presenting 
its characteristic bulbous shape (Figure 16). The arrange-
ment and condition of the cells, however, appeared fairly 
good. Histologically, no difference could be observed be-
tween the incisors of the cortisone treated 5-f luorouracil 
and.the non-treated 5-fluorouracil rats. The lower incisors 
showed the same histopathology as the upper incisors including 
the complete lack of lingual dentin. The lingual gingival 
... ----~--------~----------------------------------------------------! .. 
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tissue, however, appeared normal. 
The incisors of the colchicine treated rats revealed 
somewhat less severe changes than the 5-fluorouracil treated 
rats. The pulp appeared more normal with a well-defined 
ground substance and less edema. In certain areas, the odon-
toblasts were atrophied and disorganized resulting in dis-
turbed dentin formation. The predentin and dentin failed to 
show their normal structured arrangement with cellular inclu-
sions observed in some areas (Figure 14). The lingual and 
labial dentin showed basically the same degree of pathology, 
an observation not seen in the 5-fluorouracil rats. In cer-
tain areas, the enamel appeared to be degenerating with breaks 
occurring along its surface (Figure 15). The nuclei of the 
ameloblasts appeared uneven. The cervical loop generally 
appeared to be somewhat reduced in width and length and few 
mitotic figures were seen. However, large numbers of colchi-
cine arrested cells were observed in animals given this drug 
three hours prior to sacrifice. Again the characteristic, 
well-rounded proliferative loop of the controls appeared 
more flattened and pointed in the colchicine treated group. 
The cells appeared fairly normal. Histologically, no dif-
ferences could be observed between the incisors of the corti-
sone treated chochicine and non-treated colchicine rats. 
-------------------------------------',•,< 
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DISCUSSION 
The reduced rate of incisor eruption observed follow-
ing injection of antimitotic drugs (colchicine and 5-fluorou-
racil) would seem to indicate that cellular proliferation 
should be considered as a factor in the process of tooth erup-
tion. It was also demonstrated that daily injections of cor-
tisone to normal rats resulted in an increase in eruption of 
21% for a 32 day period (Table II). This observation supports 
the work of Garren and Greep (1960, Domm and Wellband (1961), 
and others. Domm and Kiely (1968) reported that cortisone ad-
ministration increased mitotic activity in the tissues of the 
rat incisor. These observations again indicate a basic rela-
tionship between cellular proliferation and tooth eruption in 
the rat incisor. 
Main and Adams (1966) concluded from their experiments 
with antimitotic drugs: "The movement of these teeth cannot 
be the result of pressures produced by cellular proliferation." 
They measured the rate of eruption (unimpeded) of the lower 
left rat incisor for a period of 24 days with measurements re-
corded every 2 days. However, the drugs were given only on 
29 
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days 8 through 15, with days 1 through 7 and days 16 through 
24 serving as pre- and post-injection periods. Six rats re-
ceived 1 mg/kg of demecolcine with only one death reported 
while 6 additional rats received 0.15-0.6 mg/kg of triethyl-
ene melamine (T.E.M.). All of these rats died in the measure-
ment period subsequent to stopping the drug. No reduction in 
eruption rate was noted with demecolcine; however, T.E.M. pro-
duced a substantial reduction in eruption rates. 
The definite conclusions drawn with this particular ex-
perimental design might be questioned. It appears that the 
dosage of the drugs were less than optimum, with inadequate 
amounts administered in one case (demecolcine), and apparently 
lethal dosages administered in the other (T.E~M.). A pilot 
study to determine more precise dosages might have been in 
order. Several observations made by these authors appear to 
be inconsistent with their conclusions. For example, they 
noted a decrease in cellular continuity in the base of the 
pulp of T.E.M. treated animals along with a reduced eruption 
rate. These findings would seem to support the cellular pro-
liferation theory of tooth eruption. Furthermore, the admin-
istration of the antimitotic drugs, using more optimal dosages, 
should be extended for more than an 8 day period, in order to 
show the overall effect of these drugs on tooth eruption. 
Berkovitz (1972) also studied the effect of demecolcine 
and triethylene melamine on the unimpeded eruption rate of the 
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normal and root resected rat incisor. He employed a dosage 
of 2 mg/kg demecolcine followed by a second injection of the 
same amount 4 hours later as compared to the 1 mg/kg per day 
used by Main and Adams. The dosage of T.E.M. was 0.6 mg/kg 
daily. From his study Berkovitz concluded: "Because deme-
colcine retards eruption in both the normal and also the root 
resected condition when the proliferative basal area is re-
moved, it would appear that in the latter case, if prolifera-
tion is the important factor, it must be within the cells of 
the peridontium." 
Berkovitz, unfortunately appears to be drawing conclu-
sions from morbid animals. By his own admission, he stated: 
"Because of the poor survival rate on the 4th day of drug 
administration, only the results from the first 3 days fol-
lowing drug administration are described." In our pilot 
study, we found that a single injection of 1 mg/kg of colchi-
cine (a more potent antimitotic than demecolcine) resulted in 
death of the animal by the 4th day. Most probably, daily in-
jections of 1 mg/kg of colchicine would still have resulted 
in death on the 4th day. 
In contrast to these experiments, the colchicine treated 
rats in our study remained healthy for the 64 day period of 
treatment, showing a significant gain in weight throughout the 
experiment. Most importantly, the eruption rates for this 
period were significantly lower (P<.001) than control values. 
~'!;"""------~------------------------------------
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The 5-fluorouracil treated rats gained weight steadily during 
the first 32 day period with a slight decrease in weight dur-
ing the final 32 day period. These animals showed an eruption 
rate significantly below (P<.001) those of control values. 
The only deaths occurring in a total of 60 animals were: one 
control on the 32nd day, and on the 60th day, one cortisone 
treated 5-fluorouracil animal. 
An early consideration in the design of our experiment 
was the determination of a proper dosage and schedule of drug 
administration. Our goal was to substantially reduce cell 
division in the rat incisor and at the same time to minimally 
interfere with total body function over the extended period 
of treatment. Due to the high rate of cell proliferation and 
tissue turnover, the rat incisor is a very sensitive indica-
tor of physiologic .or pathologic processes occurring in the 
body. Many changes or alterations of body function are first 
recorded in these teeth. 
With the 5-fluorouracil treated animals a very obvious 
trend developed which we termed .the "rebound effect." A 
highly substantial decrease in eruption rate was recorded 
during the 4 day period following drug administration. How-
ever, in most cases, 8 days following drug injection, an in-
crease was seen compared to the previous 4 day period. Our 
explanation of this rebound effect is that 5-f luorouracil 
substantially inhibited mitosis but as the effect of the drug 
· ..... ~-........... ---~-------· ----·--------------
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diminished with time, the mitotic rate increased, as did the 
eruption rates. This rebound effect was not as noticeable in 
the colchicine treated rats until the second 32 day period. 
It appears that the dosage employed (0.75 mg/kg) took longer 
to exert an effect similar to that observed in the 5-f lu-
orouracil treated rats. We feel that a slightly stronger do-
sage of colchicine, eg., 0.85 mg/kg, may have demonstrated 
this rebound effect sooner in these animals. However, with 
the dosage employed, there was still a significant depression 
of eruption rate. 
These antimitotic drugs caused a substantial decrease 
in eruption rates. Daily injections of cortisone were ob-
served to increase these rates. However, the increase in rate 
was consistently and significantly below the control values 
and closely followed the individual variations (rebound ef-
fect) of rats treated with the antimitotics above. 
An interesting contrast is noted here between the ef-
fect of cortisone on the eruption rate of these antimitoti-
cally treated rats and the effect of cortisone on the erup-
tion rate of hypophysectomized and adrenalectomized rats. 
Garren and Greep (1960) noted a profound decrease in incisor 
eruption in hypophysectomized rats. Domm and Wellband (1960) 
observed a decrease in eruption following adrenalectomy. Cor-
tisone injections were found to restore the eruption rate to 
normal in hypophysectomized rats and to increase this rate 
r· 
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above normal in the adrenalectomized rats. In our animals 
treated with antimitotics, cortisone administration was not 
able to restore the rate of eruption to normal. 
Domm and Kiely (1968) reported that cortisone adminis-
tration resulted in an increase in the number of mitoses in 
the maxillary incisor of young rats. We feel that this in-
crease in cell proliferation must be closely related to the 
increase in eruption observed with the administration of 
cortisone to normal, hypophysectomized, adrenalectomized, and 
antimitotically treated rats. The inability of cortisone to 
return this rate to normal in our animals may presumably be 
due to the drug induced inhibition of mitosis. 
Another observation to support this postulation is that 
although our injections of cortisone were daily, the greatest 
increase in eruption rates was noted during the 4 to 8 day 
period following injection of the antimitotic drugs. Presum-
ably, the effect of the drugs diminishing with time, then 
allow the stimulatory effect of cortisone on cell pro1ifera-
tion to have a more pronounced effect. 
With the administration of cortisone, a similar in-
crease in eruption rates occurred with both antimitotic drugs. 
This observation is of interest since colchicine exerts its 
primary effect during the M phase of the cell cycle, i.e., 
metaphase arrest, and 5-fluorouracil exerts its basic effect· 
during the S phase by inhibiting DNA synthesis. It appears 
1 
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that the incisor responds in a similar manner to cortisone in 
combination with either one of these antimitotic drugs. Domm 
and Kiely (1968), utilized colchicine to facilitate the count-
ing of mitotically active cells in the incisor of normal rats 
treated with cortisone. More recently, Kiely and Domm (1973), 
showed that the injection of cortisone increased the number of 
3H-thymidine labelled cells in the incisor of adrenalectomized 
rats. Still to be determined is on which phase of the cell 
cycle cortisone exerts its stimulatory effect. The possibility 
remains that this steroid may effect mitosis through some other 
mechanism not directly associated with the M or S phase of the 
cell cycle. 
A high frequency of fracturing occurred in the lower 
incisor of the cortisone treated 5-fluorouracil rats. It was 
observeq (Figure 8) that a narrowing occurred in the gingival 
one-third of these teeth. It was in this area where the break-
age occurred. We feel that 5-fluorouracil in combination with 
cortisone may have interfered with odontoblast differentia-
tion, at this time resulting in an interference in dentin 
formation, thus substantially weakening this particular area 
of the incisor. 
Another interesting gross observation was the occur-
rence of regularly spaced striations, at intervals of approx-
imately 3 mm, on the enamel surf ace of the lower incisor of 
cortisone treated colchicine rats (Figure 9). A completely 
~~~~~~--~--.._.--~~------._.. __________________________ ~--------·----------. 
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satisfactory explanation for these striations is not clear. 
However, the intervals between these possible disturbances 
in enamel or dentin formation appear to be closely related 
to the 8 day injection interval of colchicine in co'mbination 
with cortisone. 
During the latter half of the second 32 day period, it 
was noticed that several incisors of the 5-f luorouracil ani-
mals was altered (Figures 6 and 7). The upper incisors were 
somewhat longer, while the lower incisors appeared shorter, 
thus enabling the rats to maintain a normal or constant ver-
tical dimension. In addition, the characteristic angle of 
the incisal bevel appeared less acute than normal; however, 
this was probably the result of an increase in the spacing 
between the upper incisor and a reduction in the spacing be-
tween the lower incisors (Figures 6 and 7). 
The most striking histological observations was the 
complete destruction of the lingual dentin and odontoblasts 
in the 5-fluorouracil treated rats (Figure 10). The fibers 
of the periodontal ligament were continuous with the pulpal 
tissues. To a lesser degree, this finding has been reported 
in Vitamin A deficient rat incisors (Shour and Massler, 1962). 
These authors noted the abnormally thin lingual dentin, the 
invasion of the pulp by epithelial cords of the odontogenic 
epithelium, as well as the presence of osteodentin and hypo-
l plastic enamel. They felt that Vitamin A deficiency in rats 
________ ,........,._. • ...._. ___ • ,., WDlllOll;~ ur .,...,_.~-'"""*·'s a;aa-.,~ • ,..,,...,,, •-• 7'\_' 
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produces severe alterations in the proliferative, differen-
tial, and appositional phases of the growth of the teeth. The 
eruption rate was also reduced in these animals. 
The lower incisors of our animals also exhibited this 
destruction of lingual dentin. The palatal tissue immediately 
behind the maxillary incisors appeared ulcerated or infected 
in several 5-fluorouracil treated rats. However, no gingival 
pathology was observed around the lower incisors. This path-
ology may be due to the trauma produced during measurement or 
possibly the result of a lowered systemic resistance of the 
animals receiving the antimitotic drug. 
This destruction of the lingual dentin, along with the 
obvious alterations in the periodontal ligament fiber attach-
ments would appear to provide evidence for the eruptive mech-
anism to be located in the periodontal ligament. However, 
eruption still proceeded even though an almost total destruc-
tion of the periodontal ligament fiber attachment occurred. 
Therefore, an eruptive force was probably being generated from 
a location other than the periodontal ligament. The odonto-
genic epithelium may be involved in this eruptive force. The 
cervical loop of 5-f luorouracil treated rats presented less 
dramatic histological changes than the tissues on the lingual 
aspect. However, the cervical loop was somewhat atrophied 
and showed fewer mitotic figures than normal although its 
functional arrangement and structure appeared to be only 
,.~.,.....,.  ..._,~~---~-~-li------.. -111..__,,,.. ______ , __ ·_:0WWW---·---·--·-~~K~-·---·-----
slightly altered by the antimitotic drug. The presumed in-
hibition of mitosis in this area may be an important factor 
in the decrease in eruption observed in these animals. 
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Many authors (Main and Adams, 1966; Berkovitz, 1972; 
Thomas, 1965; and Ness, 1970), who think the eruptive force 
is located in the periodontal ligament, fail to mention the 
work of Eccles (1965) or Ulmansky and Shapiro (1963). Eccles 
observed eruption to be prevented entirely in incisors whose 
pulp canals were filled to within 1-2 mm. of the basal end. 
Histological examination of the periodontal ligament revealed 
a normal appearance. If the eruptive force is located in the 
periodontal ligament as suggested by the aforementioned au-
thors, eruption would be expected to continue under these 
conditions. Ulmansky and Shapiro (1963) noted that the more 
extensive the damag.e done to the pulp by the insertion of a 
metal reamer into the pulp cavity, the greater the reduction 
in the eruption rate. 
With the evidence presented in this study and those of 
other investigators (Sicher, 1942; Scott, 1953; Sturman, 1957; 
Eccles, 1965; Kiely, 1967; and Kiely and Domm, 1973), cellu-
lar proliferation must be considered as one of the prime forces 
responsible for tooth eruption. While other factors such as 
dentin formation, bone growth, vascularity, and periodontal 
ligament maturation have been implicated as possible causes 
of tooth eruption, available evidence does not establish any 
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one of these factors as primarily responsible for providing 
the necessary force required for tooth eruption. However, 
it is our opinion that cellular proliferation, whether in the 
odontogenic epithelium or in the pulpal tissues, or in a com-
bination of both, coordinated with differential growth of the 
aforementioned structures, is the primary force responsible 
for the coronal movement of the incisor. 
r· 
SUMMARY AND CONCLUSIONS 
Sixty female albino rats, ninety days old of the 
Sprague-Dawley strain were divided into three groups of 20 
rats each. The first group served as controls. The second 
group received injections of 15 mg/kg of 5-fluorouracil at 
8 day intervals while the third group received injections of 
0.75 mg/kg of colchicine at 8 day intervals. Eruption rates 
were measured at 4 day intervals. For the first 32 day pe-
riod, eruption rates were compared between these three groups. 
For the second 32 day period each group was divided so that 
one half of each group was given daily injections of 5 mg/kg 
of cortisone and the other one half received equal volume in-
jections of sterile saline solution. Injection of the antimi-
totic drugs was continued to the second and third groups. Erup-
tion measurements were also continued. Again the rates of the 
various groups were compared to the normal values. The Stu-
dent "t" test was used to statistically evaluate the data. 
1. The administration of 5-fluorouracil resulted in a 24.5% 
decrease in incisor eruption for a 64 day period while 
the colchicine treated group showed an 11.6% reduction 
40 l---~------------·------------->l!"'l;r;'.~~-.~-· 
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in incisor eruption for the same period when compared 
to controls. In both instances, the differences were 
highly statistically significant. 
2. For the last 32 day period, 5-fluorouracil treatment 
resulted in a 46.7% decrease in eruption while the 
colchicine treated group showed a 17.3% reduction in 
incisor eruption for the same period in comparison to 
control averages. 
3. Cortisone injection to controls resulted in rates 20.7% 
above those of non-treated values for the 32 day period 
of treatment (P<.001). While the cortisone treated 5-
f luorouracil rats showed increase in eruption rate over 
the non-treated 5-fluorouracil values these rates still 
remained 30.7% below the non-treated control values 
(P<.001). The cortisone treated colchicine rats also 
showed an increase over the non-treated colchicine 
values while remaining 5.3% (P<.05) below the control 
values for the period of treatment. 
4. Histologically, the most dominant effect of 5-fluorour-
acil administration was the complete destruction of the 
lingual dentin with a marked resorption of alveolar 
bone. In most cases, the fibers of the periodontal lig-
ament were continuous with the pulp tissue. Some dis-
turbances in the labial dentin were also observed. The 
cervical loop appeared to be somewhat atrophied with 
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fewer than normal mitotic figures present. 
5. The incisors of colchicine treated animals, histologi-
cally, showed evidence of disturbed dentin formation on 
both the labial and lingual sides. Contrary to that ob-
served in the 5-fluorouracil treated animals, the lin-
gual dentinal wall was present. Resorption of alveolar 
bone was also seen. Again the cervical loop generally 
appeared to be somewhat reduced in width and length with ' 
a possible reduction in the number of mitotic figures. 
6. A rebound effect was demonstrated in the eruption rates 
of the animals treated with 5-fluorouracil. A very sub-
stantial decrease in eruption rate was recorded during 
the 4 day period immediately following drug administra-
tion. However, by 8 days following drug injection, 
these rates showed an increase in comparison to this 
previous 4 day period. This rebound effect was also ob-
served, to a slightly lesser extent, in the colchicine 
treated rats. This same rebound phenomenon was noted 
when cortisone was administered to both groups of rats. 
7. Cortisone injection, while stimulating incisor eruption 
in the three groups studied, also resulted in an inhib-
ition of general body growth. 
8. The reduced rate of incisor eruption observed following 
injection of the antimitotic drugs (colchicine and 5-
fluorouracil) would seem to indicate that cellular 
L---..·UP:ri-~r •--------"""''____...,_, -••-• --------• _, w.-'11111~.,...__,.... • * .,,._._ _.- ,_.,.~~,.,,,.~ ; 
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proliferation should be considered as a factor in the 
process of tooth eruption. In addition, the observed 
effect of cortisone on these eruption rates would ap-
pear to support the concept that the mechanism by which 
cortisone stimulates incisor eruption is through an in-
crease in mitosis. 
r 
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TABLE I 
STATISTICAL SUMMARY OF THE MEAN ERUPTION 
RATES OF THE PRETREATMENT GROUPS 
PERIODS 1 - 4 
GROUP N MEAN STD. 
CONTROLS 20 2.72 0.48 
5-FLUOROURACIL 20 2.90 0.39 
COLCHICINE 19 2.88 0.18 
NULI, HYPOTHESIS t 
CONTROLS EQUAL TO 5-FLUOROURACIL 1.27 
CONTROLS EQUAL TO COLCHICINE 1.34 
5-FLUOROURACIL EQUAL TO COLCHICINE 0.18 
THERE IS NO STATISTICAL SIGNIFICANT DIFFERENCE 
IN THE MEAN ERUPTION RATES BETWEEN GROUPS. 
N = Number of Observations 
STD. = Standard Deviation 
P = Probability 
p 
.30 
.20 
.90 
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TABLE II so 
AVERAGE ERUPTION RATES OF EXPERIMENTAL GROUPS EXPRESSED 
AS THE PERCENTAGE OF CONTROL VALUES 
CONTROLS 
MEASUREMENT + 5-FLUORO-
PERIOD CON'J'ROLS CORTISONE URACIL 
MEAN MEAN % MEAN % 
5 1.55 1.22 78.7 
6 1.48 1.56 105.4 
7 1.63 1.33 81.6 
8 1.55 1.48 95.5 
9 1.67 1.30 77 .8 
10 1.49 1.41 94.6 
11 1.64 1.17 71.3 
12 1.60 1.32 82.5 
5-·12 1.58 1.35 85.4 
13 1.53 l.64 107. 2 1.07 69.9 
14 l. 70 l.91 112.4 1.19 70.0 
15 1.52 l.85 121. 7 0.89 58.6 
16 l.50 1.88 125.3 0.95 63.3 
17 1.42 1. 78 125.4 0.71 50.0 
18 1.37 1.81 132.1 o. 70 51.1 
19 1.51 1.86 123.2 0.48 31.8 
20 1.45 1. 75 120.7 0.41 28.3 
13-20 1.50 1.81 120.7 0.80 53.3 
5-20 1.55 1.17 75.5 
5-FLUORO- COLCHICINE 
URACIL + + 
CORTISONE COLCHICINE CORTISONE 
MEAN % MEAN % 
1.33 85.8 
1.41 95.3 
1.55 95.1 
1.57 101.3 
1.43 85.6 
1.39 93.3 
1.41 85.9 
1.40 87.5 
1.43 90.5 
1.15 75.2 1.25 81. 7 
1.47 86.5 1.53 90.0 
1.10 72.4 1.28 83.6 
1.16 77.3 1.35 90.0 
0.97 68 .3 l. 06 74.6 
0.89 64. 9 1. 22 89.0 
0.11 47.0 1.16 76.8 
0.78 53.8 1.10 75.9 
1.04 69.3 1.24 82.7 
1.37 88.4 
MEAN 
1.41 
1.67 
1.47 
1.53 
1.29 
1.47 
1.38 
1.16 
1.42 
% 
i 
I 
I 
' 
92.21 
1 
98.2 ! 
I 96. 7 ~ 
102. o I 
9o.8 I 
~ 107. 3 . 
91.4 
80.0 
94.7 
I 
I 
I 
1 
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TABLE III 51 
TATISTICAL SUMMARY OF THE DIFFERENCES BETWEEN MEAN ERUPTION RATES 
OF CORTISONE TREATED CONTROLS AS COMPARED TO CONTROL VALUES 
MEASUREMENT 
PERIOD CONTROLS ·CONTROLS + CORTISONE 
N MEAN STD. N MEAN STD. t p 
13 9 1.53 0.13 10 1.64 0.11 1.86 > 0.1 
14 9 1. 70 0.19 10 1.91 0.19 2.35 < • 05 
15 9 1.52 0.15 10 1.85 0.20 3.85 < .005 
16 9 1.50 0.21 10 1.88 0.14 4.58 < .001 
17 8 1.42 0.15 10 1. 78 0.21 4.01 < .001 
18 8 1.37 0.12 10 1.81 0.17 5.92 < .001 
19 9 1.51 0.20 8 1.86 0.25 3.17 < .01 
20 9 1.45 0.17 8 1. 75 0.22 2.99 =.01 
13-20 70 1.50 0.18 76 1.81 0.20 9.47 < .001 
....... , ___ .. _ ... _ 
,-----
TABLE IV 
STATISTICAL SUMMARY OF THE DIFFERENCES BETWEEN ERUPTION RATES OF 5-FLUOROURACIL 
AND CORTISONE TREATED 5-FLUOROURACIL RATS AS COMPARED TO CONTROL VALUES 
I 
) 
i MEASUREMENT PERIOD CONTROLS 5-FLUOROURACIL 5-FLUOROURACIL + CORTISONE 
I N MEAN STD. N MEAN STD. t p N MEAN STD. t 
I 5 20 1.55 0.14 20 1.22 0.12 7.62 <.001 
I 6 20 1.48 0.23 20 1.56 0.17 1.25 >.1 
J 
7 20 1.63 0.19 20 1. 33 0.12 5.76 <.001 
8 20 1.55 0.22 20 1.48 0.20 1.08 >.1 
9 20 1.67 0.19 20 1.30 0.16 6.53 <.001 
10 20 1.49 0.16 20 1.41 0.17 1.57 >.1 
11 20 1.64 0.18 20 1.17 0.13 9.14 <.001 
12 20 1.60 0.19 20 1.32 0.19 4.56 <.001 
5-12 160 1.58 0.20 160 1.35 0.20 10.11 <.001 
p 
VI 
N 
r-~ 
i 
' I 
i 
f MEASUREMENT 
' PERIOD CONTROLS I 
I N MEAN STD. N 13 9 1.53 0.13 10 I 
I 
' ~ 14 9 1. 70 0.19 10 
• 
?, 
• I 15 9 1.52 0.15 10 
I 16 9 1.50 0.21 10 j 17 8 1.42 0.15 10 
~ 
I 18 8 1.37 0.12 10 
i 19 9 1.51 0.20 10 i 20 9 1.45 0.17 10 ~ 
l 13-20 70 1.50 0.18 80 5-20 230 1.55 0.20 240 
-......... -~.--, 
TABLE IV 
(CONTINUED) 
5-FLUOROURACIL 
MEAN STD. t p 
1.07 0.31 4.00 <.001 
1.19 0.13 6. 77 <.001 
0.89 0.19 7 .61 <.001 
0.95 0.15 6.65 <.001 
0.71 0.17 8.81 <.001 
0.70 0.18 8.86 <.001 
0.48 0.27 9.09 <.001 
0.41 0.22 11.15 <.001 
0.80 0.33 15. 72 <.001 
1.17 0.36 14.34 <.001 
N 
10 
8 
8 
9 
8 
8 
8 
6 
65 
5-FLUOROURACIL + CORTISONE 
MEAN STD. 
1.15 0.19 
1.47 0.18 
1.10 0.20 
1.16 0.23 
0.97 0.25 
0.89 0.32 
0.71 0.37 
0.78 0.40 
1.04 0.34 
t 
4.87 
2.42 
4.72 
3.26 
4.21 
3.93 
5.49 
4.49 
9.71 
p 
<.001 
<.05 
<.001 
<.005 
<.001 
<.005 
<.001 
<.001 
<.001 
c.n 
w 
.c.-~--·-,-----------·--------~•·---- ___________________ _. 
~ 
i' ·~----·---,~--- ' 
~ j TABLE V 
• i 
I. 
STATISTICAL SUMMARY OF THE DIFFERENCES BETWEEN MEAN ERUPTION RATES OF COLCHICINE 
AND CORTISONE TREATED COLCHICINE RATS AS COMPARED TO CONTROL VALUES 
f 
; MEASUREMENT 
I 
I 
I 
' ~ Q 
I 
PERIOD 
5 
6 
7 
8 
9 
10 
11 
12 
5-12 
N 
20 
20 
20 
20 
20 
20 
20 
20 
160 
CONTROLS 
MEAN STD. N 
1.55 0.14 20 
1.48 0.23 20 
1.63 0.19 20 
1.55 0.22 20 
1.67 0.19 20 
1.49 0.16 20 
1.64 0.18 20 
1.60 0.19 20 
1.58 0.20 160 
COLCHICINE COLCHICINE + CORTISONE 
MEAN STD. t p N V.i.EAN STD. t 
1.33 0.17 4.33 <.001 
1.41 0.17 1.09 >.l 
1.55 0.15 1.50 >.l 
1.57 0.15 .30 >.l 
1.43 0.20 3.83 <.001 
1.39 0.22 1.71 <.l 
1.41 0.16 4.17 <.001 
1.40 0.15 3.68 <.001 
1.43 0.18 6.51 <.001 
p 
·-~----------- _____ ... _ _, __ ,~---~·"'·--------------------' 
,..._ 
I 
I i, 
I 
i MEASUREMENT PERIOD CONTROLS 
i 
~ N MEAN STD. I , 
I 13 9 1.53 0.13 
I 14 9 1. 70 0.19 
?. 
! 
1J 15 9 1.52 0.15 j 
j 
• 16 9 1.50 0.21 i ~ 
~ 
~ 17 8 1.42 0.15 
i 18 8 1.37 0.12 
19 9 1.51 0.20 
20 9 1.45 0.17 
13-20 70 1.50 0.18 
5-20 230 1.55 o. 20 
-....-~.~----.-. ..... 1".....,..._~.~ 
TABLE v 
(CONTINUED) 
COLCHICINE 
N MEAN STD. t p 
10. 1.25 0.16 4. 04 <.001 
10 1.53 0.20 1.85 <.l 
10 1.28 0.17 3.16 <.01 
10 1.35 0.09 2.11 =.05 
10 1.06 0.12 5.30 <.001 
10 1.22 0.22 1.65 >.l 
10 1.16 0.17 3.91 =.001 
10 1.10 0.16 4.50 < .001 
80 1.24 0.21 7.81 <.001 
240 1.37 0.21 9.51 <.001 
-
COLCHICINE + CORTISONE 
N MEAN ·STD. t 
9 1.41 0.18 1.53 
9 1.67 0.23 0.27 
9 1.47 0.16 0.55 
10 1.53 0.25 0.22 
10 1.29 0.22 1.38 
10 1.47 0.35 0.74 
9 1.38 0.22 1.27 
10 1.16 0.30 2.55 
76 1.42 0.28 2. 08 
p 
>.l 
>.l 
>.l 
>.l 
>.l 
>.l 
>.l 
=.02 
<.05 
U1 
U1 
f 
I\ 
PLATE I 56 
Figure 1 Lin~ graph.showing the average body weights of col-
chicine treated female rats prior to and following 
·cortisone administration, of the 5-f luorouracil 
treated female rats prior to and following corti-
sone administration, and cortisone treated and non-
treated controls. 
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PLATE II 
1 Figure 2 Line.graph showing the average four day eruption 
rates of the maxillary incisor of control and 5-
fluorouracil treated adult female rats prior to 
and following cortisone treatment. 
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PLATE III 
Figure 3 Lipe graph showing the average four day eruption 
rates of the maxillary incisor of control and col-
, chic'ine treated adult female rats prior to and fol-
lowing cortisone treatment. 
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Figure 4 Lateral ~iew of a normal maxillary incisor. 
Figure 5 Frontal view of normal maxillary and mandibular 
incisors. Note measuring mar.ks on maxillary in-
cisors. 
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Figure 6 
Figure 7 
PLATE V 
Lateral view of 5-f luorouracil treated maxillary 
• 
and mandibular incisors after 64 days. Note the 
length and bevel as compared to Figure 4. 
Frontal view of 5-f luorouracil treated maxillary 
and mandibular incisors after 64 days. Note the 
length of the maxillary and mandibular incisors 
as compared to Figure 5. 
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1 · PLATE VI 
t 
Figure 8 Fronta; view -0f cortisone treated, 5-fluorouracil 
maxillary and mandibular incisors after 64 days. 
Note the' narrowing of the lower incisor at the 
middle one third of the tooth. 
FIGURE 8 
. . 
Figure 9 Frontal view of cortisone treated, colchicine maxil-
lary and mandibular incisors after 64 days. Note the 
transverse striations on the lower incisors. 
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PLATE VII 62 
Figure 10 A portion of .the lingual dentin area of the maxil-
, 
lary incisor of a 5-f luorouracil treated female rat. 
Orginal magnifi9ation X 28. Note the lack of dentin 
between the pulp and periodontal ligament. 
P - Pulp 
D - Dentin 
A - Alveolar bone 
PL - Periodontal ligament 
Figure 11 A portion of the lingual side of a maxillary incisor 
of a 5-f luorouracil treated female rat. Orginal 
magnification X 126. Note the osteoclastic activity. 
O - Osteoclast 
A - Alveolar bone 
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,__.....-------.-· :LATE VIII 6:1 
Figure 12 A portion of . the labial side of a maxillary inc{sor 
of a normal female rat. Orginal magnification X 28. 
Ccmpare ' with Figures 13 and 14. 
EE Enamel epithelium 
ES - Enamel space 
D· - Dentin 
0 Odontoblasts 
P - Pulp 
Figure 13 A portion of the labial aspect of a maxillary inci-
sor of a 5-fluorouracil treated female rat. Orginal 
magnification X 28. Note the erosion of the odonto-
blasts into the dentin. 
EE · - Enamel epithelium 
ES - Enamel space 
D - Dentin 
0 - Odontoblasts 
P - Pulp 
I . 
' f 
I 
l 
l 
I 
f 
• I 
i 
j 
ii-
!"''"'•tc .• • ... ~~-..-i.oo; ....... ...,.""> .-..... ..,.~ .. ~-..,,.,..-..;i-'J'~,.. ..,. . .,./r' • 
D 
FIGURE 12 
FIGURE 13 
... -...-i- .... ........,._.,o<J',...'.l..~.:< .,,__ .. '1:.:. "'-'·~· ~ ...... ~,..~·.:...,._,.~~~ 
I 
J 
I 
I 
I 
I 
I 
I 
f 
: 
I 
r PLATE IX 64 1 
Figure 14 A,portion of the labial aspect of a maxillary inci-
sor of a colchicine treated female rat. Orginal 
magnification X 28. Note the scalloped dentinal 
border. 
EE - Enamel epithelium 
ES Enamel space 
D - Dentin 
0 Odontoblasts 
P - Pulp 
Figure 15 A portion of the labial side of a maxillary incisor 
·of a colchicine treated female rat. Orginal magni-
fication X 28. Note the disturbances in the enamel 
epithelium as compared to the normal in Figure 12. 
A - Alveolar bone 
EE - Enamel epithelium 
ES Enamel space 
D - Dentin 
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FIGURE 15 
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PLATE X 
Figure 16 A low ~ewer view of the basal area of a 5-fluorour-
acil treated female rat. Orginal magnification X 28. 
Note the morphology as compared to the normal cervi-
cal loop in Figure -17. 
P Pulp 
0 Odontoblasts 
EO - Enamel organ 
FIGURE 16 
Figure 17 A low power view of the basal area of a normal fe-
male rat. Orginal magnification X 28. 
P Pulp 
0 Odontoblasts 
EO - Enamel organ 
FIGURE 17 
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Figure 18 
PLATE XI 66 
A higp powe~ view of the enamel epithelium of a 5-
fluorouracil treated female rat. Orginal nagnifica-
tion X '126. Note the disturbanc'es in the enamel 
epithelium. 
EE - Enamel epithelium 
ES - Enamel space 
D - Dentin 
FIGURE 18 
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